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Metallic implants have been used for medical applications for many years. The use of these 
metallic implants frequently led to adverse biological reactions because material selection was 
not seen as an important factor. Some metals that were initially used in metallic implants were 
silver, high carbon steel, brass, copper, and aluminum. However, as time progressed and more 
experiments were done it became apparent that different materials had different effects on the 
body. It became evident that when considering materials that will be implanted in the body their 
mechanical properties and biocompatibility properties must be considered. Even though many of 
these first metals had adverse effects on the body, they were important in leading to the evolution 
of the surgical stainless steels and titanium alloys that are currently used. 
One of the first reports of studies on titanium used for biomedical applications was in 1940. In 
titanium's primary experimental test, it was found to be well tolerated in the body. Also, 
titanium was found to have excellent corrosion resistance, which is necessary if it is to function 
in a biological environment. Even though pure titanium was found to have good 
biocompatibility and corrosion resistance, its mechanical properties were not as appealing as 
those of the surgical stainless steels. Titanium's hardness, tensile strength, and yield strength 
was considerably less than the surgical stainless steels that were being used. Titanium alloys 
were introduced as an alternative material. The alloying elements increased the mechanical 
properties of the material. These titanium alloys have several attributes that make them 
appealing for orthopedic applications. The alloys are lightweight, high strength, biocompatible, 
and durable in extreme environments. 
One of the common titanium alloys is titanium-6 aluminum-4 vanadium alloy. This alloy is a 
common component in hip and knee replacement implants. The aluminum and vanadium are 
added to improve the strength of pure titanium without disintegrating the corrosion resistance of 
titanium. Although this alloy has many of the attributes that were mentioned above, there are 
concerns with the possible long-term biological effects of aluminum and vanadium. Aluminum 
has been shown to cross the blood brain barrier and may be linked to Alzheimer's disease. If 
concentrated, vanadium is believed to interrupt metabolic processes in the body. Both aluminum 
and vanadium seem to be tolerated in the body at low levels; however, a titanium alloy with 
similar properties to Ti-6AI-4V with less biological concerns would be advantageous, 
There is anticipation that the titanium-8 molybdenum alloy will be the titanium alloy that 
combines good mechanical properties and biocompatibility. Molybdenum is considered to be 
nontoxic and increases the corrosion resistance of titanium. This paper will compare the wear 
and corrosion behavior of Ti-6AI-4V and Ti-8Mo. After the experimental results are analyzed, 
these results will be compared to results obtained from previous biomaterial groups that worked 
on similar projects. If Ti-8Mo proves to have the positive attributes of Ti-6AI-4V minus the 
detrimental side effects it could be considered an alternate alloy in hip and knee replacement 
implants. 
2.0 MATERIAL 
Since Ti-6AI-4V material is an alloy that is commonly used in surgical implant applications, the 
material has to meet various requirements. The material used for this research like the material 
used in surgical implant applications follows the ASTM F 136-96 designation, which gives the 





c H Fe O2 Al V Ti 
0.0080 0.0130 0.0029 0.1900 0.1130 5.9380 4.1330 BAL 
Table 1: Table I gives the chemical composition of the Titanium-6 Aluminum-4 Vanadium alloys as 
specified by Titanium Industries. 
The material was annealed at 1350° F for 30 minutes and then furnace cooled. The 
microstructure of the Ti-6AI-4V alloy is a duplex structure, consisting of a mixture of a and ~ 
phases (figure 1). The a phase has a hexagonal close packed (hcp) crystal structure, and the ~ 
phase has the body-centered cubic (bee) crystal structure in titanium alloys. 
Figure 1: Micrograph ofTi-6AI-4V illustrating the a (light areas) and the f3 (dark areas) phases. Etched 
with Kroll's reagent . 400X 
Ti-8Mo is being investigated to address some of the problems associated with Ti-6AI-4V. The 
composition of the titanium-8 molybdenum alloy is 92% Ti and 8% Mo. The alloy is annealed at 
925° C for 16 hours plus 2 hours at 7760 C and then water quenched in air. With this heat 
treatment an (a + ~ + w) microstructure was achieved (figure 2). The w phase in titanium alloys 
is a hexagonal metastable phase that forms when ~ transforms rapidly. The w phase increases 
the hardness in Ti-SMo in comparisons to Ti-6AI-4V. The hardnesses of Ti-6AI-4V and Ti-SMo 
are 30.4 and 39.6 HRC, respectively. 
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Figure 2: Micrograph ofTi-8Mo illustrating the a (light areas), the J3 (dark areas) phases, and co . 
Etched with Kroll's reagent. 400X 
3.0 PROCEDURE 
A pin on disk wear test was performed on both the Ti-6AI-4V and Ti-8Mo samples. Previously 
prepared Polymethylmethacrylate (PMMA) pins with a flat cylindrical tip were set into a 
"commercially pure" Titanium threaded bit. This was done by applying Super Instant Epoxy to 
the tip of the PMMA pin and then inserting it into the titanium threaded bit. After drying for 24 
hours, the titanium bit was mounted onto the arm of the wear test machine. The tip of the 
PMMA pin was sanded down so that it was less likely to detach from the titanium bit during the 
experiment. After the shortening of the pin, the diameter was approximately .16 inches (4 mm). 
The pins were made of PMMA because bone cement is usually used as a filler for the implant. 
If the PMMA particles loosen, they may cause wear on the implant. 
To prepare the Ti-6AI-4V and Ti-8Mo samples for testing they were coated with insulating 
enamel. Once the enamel dried, a bovine serum test solution was prepared. The serum, which is 
meant to simulate the fluids of the human body, was prepared by mixing 230 mL of bovine 
serum, 350 mL distilled water, 58 mL of EDT A and 1.28 g of Sodium Azide (NaN3). The 
EDT A was added to prevent degradation in the solution, and the NaN3 is a disinfectant. The 
solution was poured into a 600 mL beaker and placed on the base of the wear test machine. 
The sample was screwed into the middle of the wear test machine and then the corrosion cell was 
lowered until the sample was completely immersed in the serum. The pin was placed on the 
circular sample at a designated radius and was also submerged in the solution. 
The stress is approximately 500 psi when the lead weight is suspended from the hook, 98 .75 g of 
lead shot is added to the cup closest to the pin, and 21.42 g of lead shot is added to the cup on the 
right. The testing machine rotated the disks at a rotational velocity of 150 mmls. Through a 
rough calibration method the wear track radius (r) was determined to be 12 mm and the dial 
reading (DR) was 3.75. The wear tests were run for 24 hours with the previously discussed 
parameters to simulate 1 year of in vivo use. The conditions the samples are tested under and the 
amount of time the test is run reproduces the 10.7 km of interfacial sliding the average artificial 
hip implant experiences per year. 
A potentiostat that measures the electrochemical behavior was used to analyze the corrosion 
properties during testing. The corrosion potential (Ecorr) of Ti-6AI-4V and Ti-8Mo are -0.075 V 
(SHE) and 0.15 V (SHE), respectively. The titanium alloys were the working electrodes, the 
platinum was the counter electrode and the saturated calomel was the reference electrode in the 
open circuit potential arrangement. A constant potential was applied to measure the anodic 
current. The hold potential of the Ti-6AI-4V was 0.025 V (SHE) and for Ti-8Mo was 0.25 V 
(SHE). 
The weight loss, or wear of the samples, was determined by rmmmg a profilometry test. 
Profilometry makes a profile of the topography of a surface, and after calculations, the average 
volume of the wear track can be calculated . Profilometry was done at Oak Ridge National 
Laboratory, and four scans for each sample were made (approximately 90 degrees apart) . 
The data generated from the profilometer scans were transferred to Excel spreadsheets. The data 
was then analyzed using a MATLAB program. Using numerical integration of a projected 
surface and the wear track, the program calculated the area removed during the wear tests . 
4.0 PREVIOUS RESEARCH 
In the past, research has been done to determine whether Ti-8Mo has comparable (or better) wear 
properties than Ti-6AI-4V. Wear tests were run on Ti-6AI-4V and Ti-8Mo in the summer of 
2001 with conjunction with the National Science Foundation ' s Integrative Graduate Education 
Research Training Program (lGERT) at The University of Tennessee, Knoxville. These tests 
measured wear only and were also run for 24 hours in bovine blood serum. The pin used was 
made of commercially pure Polymethylmethacrylate and had a diameter of about 1/16 of an inch. 
The results of these tests are given in table 2. The table gives the average area of metal removed 
that was calculated by averaging the results of the MAT LAB program. The table also gives the 
total volume lost and the total mass lost. 
Table 2 
Avg Area of Total Volume Lost Total Mass Lost 
Metal Removed V=AAVG /21T.(Ro-Rd J TML = V*density 
(~2) (~3) (g) 
Ti-6AI-4V 27617 274165911 1.12*10-J 
Ti-8Mo 92 913324 4.43*10-0 
Table 2: This table gives the results of wear data obtained from NSF: IGERT in the summer of2001. 
The next set of results were run under the same set of conditions that was specified above. This 
data was also analyzed using the MA TLAB program, however the students in Materials Science 
and Engineering 474 (Biomaterials) generated this data. Only two profilometry scans of each 
sample were performed. The results are given in table 3 below. 
Table 3 
Avg Area of Total Volume Lost Total Mass Lost 
Metal Removed V=AA VG /21T.(Ro-R/)J TML = V*density 
(~2) ().l3) (g) 
Ti-6AI-4V 3380 33554801 1.48* 10-4 
Ti-8Mo 1835 18216882 8.83*10-5 
Table 3: This table gives the results of wear data obtained from MSE 474. 
The last set of previous results is from the Biomaterials class from the spring of 2000. This 
group not only examined the amount of mass loss due to wear but also the amount of mass loss 
due to corrosion. This experiment is the closest to our current project. This experiment followed 
a similar procedure that is outlined in section 3.0 of this report, with the exception of the 
diameter of the PMMA pin . The corrosion potential (EcoRR) for the Ti-6AI-4V sample was 
18 m V (SeE) and the hold potential was 270 m V (SeE). Ihe corrosion potential (ECORR) for 
Ii-8Mo was reported as -32 mV (SeE) and the hold potential was 220 mV (SeE). Table 4 gives 
the reported wear and corrosion results. It is important that difference in the pin diameters is 
noted. 
Table 4 
Total Mass Mass Losscorr Mass Losswear (g) 
Lost (g) (g) 
Ti-6AI-4V 4.068* 10-) 1.166*10-7 4.056* 1 0-) 
Ti-8Mo 21.846* 10-) 4.923*10-11 2.841 *10-) 
Table 4: This table gives the comparison of wear and corrosion data obtained from MSE 474 . 
5.0 RESULTS AND DISCUSSION 
The following results were obtained from the wear/corrosion tests run on Ti-6AI-4 V and Ii-
8Mo. Figures 3 through 6 show the first through fourth profilometry scans for Ti-6AI-4V. 
Figures 7 through 10 show are plots of the four profilometry scans. The graph represents the 
depth change while traveling across the radius of the sample. The drop in depth represents the 
wear track caused by the PMMA pin. Figures II and 12 show the electrochemical behavior of 
the Ti-6AI-4V and Ti-8Mo alloys, respectively. The behavior illustrated in both plots is not very 
clear, which could lead to speculation about noise. Towards the beginning of figure 11, the 
graph show a negative slope but the graph does achieve equilibrium at about 5.5 hours (20* 103 
s). Figure 12 reaches equilibrium faster than Ti-6AI-4V. This is probably because the Ti-6AI-
4V sample was in the solution for a longer period of time previous to beginning the test. 
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Figure 3: The depth profile across the surface of the sample. Profilometry scan 1. 
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Figure 4: The depth profile across the surface of the sample . Profilometry scan 2. 
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Figure 5: The depth profile across the surface of the sample. Profilometry scan 3. 
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Figure 6: The depth profile across the surface of the sample. Profilometry scan 4. 
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Figure 7: The depth profile across the surface of the sample. 
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Figure 9: The depth profile across the surface of the sample. 
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Figure 11: Figure 11 shows the current versus time plot for Ti-6AI-4V with a constant potential 
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Figure 12: Figure 12 shows the current versus time plot for Ti-8Mo with a constant potential 
of 0.25 V (SHE). 
Using the data generated by the profilometery program, the area of the metal removed was able 
to be calculated. The data was put in Excel spreadsheets and then analyzed in a MA TLAB 
program. The MA TLAB program was run on all four profilometry data sets for each sample. 
Table 5 contains the average value of the area of metal removed. Using the average area value, 
the total volume lost by the sample was calculated using the following equation. 
where V is the volume lost by the sample, A is the average area lost by the sample, Ro is the 
outside radius measured from the center of the sample, and Rr is the inside radius of the wear 
track measured from the center of the sample. After the volume lost is calculated, the mass loss 
can be calculated using the equation below. 
TML = V* P 
where TML is the total mass loss and p is the density of the sample. 
Not only is there mass loss due the wear but there is also mass loss due to corrosion of the 
sample. The mass loss due to corrosion can be calculated using the corrosion intensity. The 
corrosion intensity is calculated with the equation below. 
CI( / 2 ) 0.327 * W * I mg em - yr = 
m 
where CI is the corrosion intensity, W is the atomic weight (glmol), I is the hold current (flA), 
and m is the valence of a titanium ion. The mass loss due to corrosion is calculated using the 
equation below. 
MLcOJU? = (CI) * t * A 
where t is the time of the test. 
Table 5 
A vg Area of Metal Total Volume Lost Total Mass Lost Mass Loss due 
Removed (fl2) V=AA VG /2n(Ro-R/JJ TML = V*density to Corrosion (g) 
(fl3) (g) 
Ti-6AI-4V 72797 722689014 3.2* 10-J 6.4*10-6 
Ti-8Mo 5910 58667294 2.84* 1 0-4 2.6* 10-) 
Table 5: Shows our results from wear and corrosion experiment. 
6.0 CONCLUSIONS 
All the results presented In this paper show that Ti-8Mo has supenor wear and corrosion 
resistance to Ti-6AI-4V. The values of mass loss that our group calculated were a little higher 
than the values reported in previous research. And, the mass loss due to wear and corrosion in 
table 4 were a bit lower than the results reported in this paper. Our high values may be explained 
by the larger size of the PMMA pin. Even though there are slight differences in the values 
reported, all the data shows the same trend. The Ti-8Mo alloy seems to show better wear and 
corrosion resistance than the Ti-6AI-4V. This leads to the preliminary conclusion that Ti-8Mo 
might be a suitable alternative for Ti-6AI-4V in surgical implants. 
7.0 REFERENCES 
Birdwell, Josh and Fagan, Lisa, Wear and Corrosion Comparison of Ti-6A 1-4 V and Ti-8Mo, May 
2000 
Callister, William D. Materials Science and Engineering an Introduction. Fifth Edition John 
Wiley & Sons. 2000. 
Mainor, Paul, Titanium-Molybdenum Alloys for Orthopedic Applications, April 1999 
Pfeiler, Wayne, Padgett, Kattie, Cowan, Ben, Webb, Sarah. Ti-8Mo Biomedical Alloy: A Wear 
Comparison with Ti-6AI-4 V, May 2001 
Viewgraphs from MSE 474 given out by Dr. Buchanan 
